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Moderate and deep sedation can be provided using several routes of drug admin-
istration including oral (PO), inhalation, and parental injection. The safety and
efficacy of these various techniques is largely dependent on pharmacokinetic
principles. This continuing education article will highlight essential principles of
absorption, distribution, and elimination of commonly used sedative agents.
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Moderate and deep sedation is frequently required
tomanage the apprehensive dental patient.Clini-

cians and researchers alike continue the search for a
‘‘magic potion,’’operatingwithin the paradigm that an an-
swer somehow lies in the selection of a perfect drug or
drug combination. Suggestions have included a stagger-
ing number of single and multiple drug regimens, as well
as alternative routes for their administration, including
rectal and intranasal. None have achieved universal
acceptance because no single drug or combination is
suitable for all individuals and clinical situations. Most
sedative agents can calm and sedate patients adequately,
provided a sufficient concentration is achievedwithin the
targeted neural tissues. An understanding of the chal-
lenge of achieving an effective but safe drug concentra-
tion in the brain rests on an appreciation of fundamen-
tal principles of pharmacokinetics. Pharmacodynamic
issues, drug actions and effects, will be the topic of a sub-
sequent continuing education article.

Pharmacokinetic processes include drug absorption,
biotransformation (metabolism), distribution, and elimi-
nation.These processes are summarized in the Table. It is
important that we distinguish each of these processes
when administeringmedications by various routes.

Bioavailability

Bioavailability refers to the portion of an administered
dose that reaches the systemic circulation in active form,

and is thereby available for distribution to target tissues.
Variables that influence drug bioavailability do not
make this a simple matter, however. Consider the fol-
lowing questions while viewing Figure 1.What concen-
tration of drug is required within the targeted tissue
(biophase) for a given patient, on a given day, for a given
level of anxiety? Furthermore, what serum concentra-
tion will provide and sustain this target concentration?
Sedative serum concentrations for midazolam range
from 30^100 ng/mL.1 Provided we accept these data,
what dose must we administer to achieve and sustain
this precise concentration?

Bioavailability following intravenous ( IV) administra-
tion is100%; no absorption is required and the entire dose
enters the systemic circulation. In contrast, the bioavail-
ability of a drug administered orally (PO) is highly variable.
A portion of the administered dose may not even be ab-
sorbed through the intestinal mucosa due to incomplete
dissolutionof the tablet, gastric degradation, andpoor lipid
solubility.Absorptionrequires some degreeof lipid solubil-
ity if the drug is to diffuse through the epithelium of gastro-
intestinal mucosa. Furthermore, the portion actually ab-
sorbed enters the hepatic portal system and circulates to
the liverwhere itmay be subjected to first-passmetabolism
before entering the systemic circulation. A drug adminis-
tered by intramuscular ( IM) injection is not subjected to
degradation or first-pass influences, and the loosely
joined capillary endotheliumwithin amuscle allows drug
diffusion regardless of lipid solubility. Nevertheless, the
rate of absorption in muscle will vary and precludes any
assurance that aprescribed dosewill achieve an adequate
peak serumconcentration.All of these issuesareobviated
when sedatives are titrated intravenously.
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Consider midazolam (Versed) as an example. Esti-
mates for the oral bioavailability of midazolam are ap-
proximately 20 to 25%. Following the administration
of midazolam 5 mg PO only, 1.0^1.5 mg survives deg-
radation and first-pass metabolism to enter systemic
circulation. Administered intramuscularly the entire
5 mg dose will reach the systemic circulation, but the
actual rate of absorption will vary. The delay in absorp-
tion following both PO and IM administration allows
initially absorbed drug to distribute and eliminate be-
fore final portions enter the circulation. This does not
allow a reliable prediction for peak serum levels and
renders repeated doses perilous. Midazolam, 5 mg, ad-
ministered by intravenous bolus will achieve almost in-
stantaneous peak serum level. (This is mentioned here
only for purposes of illustration. Such a dose should
only be administered by those who have advanced
training and intend to induce unconsciousness.)
Stambaugh et al2 have provided data for meperidine
serum levels that nicely illustrate these concepts and
are presented in Figure 2.

Sublingual administration of a sedative such as tri-
azolam introduces additional considerations. The drug
is readily absorbed through nonkeratinized squamous
epithelium in the floor of the mouth, and there is no
loss due to gastric degradation. Furthermore, venous

drainage does not enter the hepatic portal system for
first-pass metabolism. However, one cannot predict
the portion of a sublingual dose that is swallowed and
is actually administered PO. Onset for some degree of
sedation is more rapid due to the portion absorbed
locally, but peak serum concentration will not occur
until swallowed drug is absorbed in the intestines.
Therefore, peak onset will be similar to that following
conventional PO administration. Repeated ‘‘sublingual
titration’’ becomes more and more problematic in
terms of predicting the actual point at which peak con-
centration is achieved. This scientific principle has
been confirmed impressively in clinical studies by
Jackson et al3 and Pickrell et al4 (Figure 3).

The fact that repeated sublingual doses result in unpre-
dictable peak serum concentrations introduces several

Figure 1. Pharmacokinetic considerations. The concentra-
tion of drug at the target tissue is determined by combined
influences of absorption, metabolism, distribution, and elim-
ination (excretion). Notice obstacles to bioavailability (serum
concentration) following oral and intramuscular administra-
tion compared to those following intravenous administration.

Figure 2. Time-concentration curves for meperidine. This
graph illustrates time-concentration curves for identical doses
of meperidine following 3 routes of administration. Following
intravenous ( IV) administration the concentration drops rapidly
during the first 30 minutes due to distribution.The decline then
becomes more gradual as drug is eliminated. Following intra-
muscular ( IM) andoral (PO) administration the serum level rises
gradually as drug is absorbed and distributed simultaneously.
The peak is lower than that following IVadministration as initial
drug absorbed undergoes distribution and possible elimination
before final amounts are absorbed.Compared to IMadministra-
tion, the time until peak concentration following a PO dose is
longer due to slower absorption, and the peak is lower due to
more factors hinderingbioavailability,eg, first-passmetabolism.
Notice thatonce theprocessesof absorption and distribution are
completed, elimination of drug occurs at an identical rate re-
gardless of the route by which it was administered; elimination
T1/2 is identical (adapted from Stambaugh et al2).

Definitions of Pharmacokinetic Processes

Process Description

Absorption Diffusion of drug from the site of administration into the bloodstream.
Distribution Diffusion of drug from the bloodstream into body tissues.
Biotransformation Amolecular change of the drug administered; parent drug to metabolites.
Elimination Removal of active drug from the bloodstream by either excretion (renal clearance) or

biotransformation to inactive metabolites, eg, hepatic clearance.
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significant clinical problems that are applicable to repeat-
ed PO dosing as well. The patient may remain stable in
terms of vital functions while being supported and moni-
tored, but the risk for deep sedation (unconsciousness) in-
creases over time, and this must be avoided unless the
dentist has received formal advanced training. Discharg-
ing a patient before peak serum levels have occurred is
also a concern.The actual status of the patient at time for
discharge is questionable since the serum concentration
may actually be rising. Moreover, the relatively shorter
elimination half-life for flumazenil renders the duration
of benzodiazepine reversal inadequate.5 At this point in
time we simply lack scientific evidence to support the
safetyof repeatedoral or sublingual dosing. Furthermore,
it goeswithout saying that regimens that combine various
agents are evenmore perilous.

For purposes of sedation, IM injection offers few ad-
vantages over PO administration.6 Granted, the nega-
tive influences of gastric degradation and first pass
metabolism are averted, but a fixed dose must still be
predetermined and rates of absorption may vary to
such an extent that effective serum concentrations are
not attained. Likewise, repeated doses introduce iden-
tical concerns to those addressed above. Indications
for this route are limited essentially to deep sedation
regimens using ketamine or patients uncooperative
with oral regimens.

Most of the concerns addressed above are obviated
with intravenous ( IV ) administration. During IV seda-
tion, neither the total dosage nor precise serum con-
centrations are crucial; small increments have been
established that are safe and can be administered re-
peatedly until the intended level of sedation is
achieved. Such accuracy provides a level of safety
and efficacy for this method of drug administration
that is unmatched by any other technique, with the ex-
ception of inhalation agents, so long as sufficient time
is allowed between increments for the onset of the
previous increment to peak. Although IV sedation
may be more demanding technically, it is fallacious to
consider it less safe than PO or IM regimens. It merely
requires insertion of a catheter into a vein, a procedure
taught to technical staff having no formal academic
training.

Drug Circulation and Distribution

Once a drug is absorbed and bioavailable, it circulates
throughout the bloodstream and distributes into most
body tissues by diffusing through loosely-joined capil-
lary membranes. The rate for distribution is propor-
tional to the relative perfusion (blood flow) of the tis-
sue. Heart, kidney, liver, and brain are highly perfused
and drug circulates most rapidly to these depots. The
brain, however, introduces an additional consider-
ation. The endothelium of capillaries within the cen-
tral nervous system (CNS) is tightly joined and
wrapped by astrocytes. This structural difference is de-
scribed as the blood-brain barrier and requires the
drug to have some degree of lipid solubility for it to
leave the bloodstream and distribute into brain tissue
(Figure 4).

While circulating within the bloodstream varying por-
tions of drug may be loosely bound to plasma proteins.
This is described as protein-binding and is generally of lit-
tle importance because it is so highly dynamic. Consider
for example a drug that demonstrates 50% protein-
binding, and a total of100 drugmolecules are circulating
in the bloodstream. At this time 50 molecules will be
bound toprotein and 50moleculeswill be circulating free
and available to distribute. When 20 of these freely-
circulating molecules are distributed or eliminated there
will be a total of 80 molecules remaining; 40 of these
will be boundwhile 40 are free.This equilibration contin-
ues until all drug is eliminated. The dosage of the drug
established by the manufacturer is predicated on this
dynamic and the free drug portion. Concerns arise only
when a patient’s medical status includes a reduction of
circulating plasma protein. Severe liver and renal diseas-
es are among the few examples where protein binding

Figure 3. Repeated sublingual doses. This graph illustrates
time-concentration curves following 1 to 3 doses of triazo-
lam, 0.25 mg administered sublingually. Notice that a single
dose (1 Dose) results in a conventional peak time of 1 hour
and then declines as drug is eliminated. However, a second
dose results in a peak concentration 1.5 hours later (2 Doses).
Finally, the peak following a third dose occurs 2.5 hours later
(3 Doses). Although a single dose achieves peak serum con-
centration in 1 hour, the peak following additional increments
becomes progressively longer. Precise serum concentrations
are approximated and adapted from Pickrell et al.4

168 Considerations for Moderate and Deep Sedation Anesth Prog 58:166^173 2011



can become an issue and require a dosage reduction.
The normal decline in plasma protein with age is not an
issue and any concern has been overstated.7

Onset of Effect: Absorption and Distribution
to Brain

Sedatives vary considerably in their lipid solubility, and
this property enhances diffusion through cell mem-
branes, which accounts for their differences in time for
onset. For example, diazepam has far greater lipid solu-
bility than lorazepam. Following PO administration, di-
azepam will absorb more rapidly through intestinal mu-
cosa. Furthermore, this greater solubility speeds distri-
bution of circulating drug through the blood-brain
barrier and into brain. The peak onset of diazepam fol-
lowingPO administration is1hour compared to 2 hours
following a PO dose of lorazepam.The lower lipid solu-
bility of lorazepam also explains why it has little use for
intravenous titration of sedation. It distributes so slowly
through the blood-brain barrier that an initial effect fol-
lowing an incremental dose requires several minutes,
and the peak effect of an increment may take as long as
15^20 minutes.

Duration of Effect: Distribution
versus Elimination

The duration of effect following administration of seda-
tives will obviously be related to the decline in serum con-
centration. However, there is a mistaken belief that drug

elimination is the principal factor that accounts for this
decline, and a drug having a longer elimination half-life
will provide a longer duration of sedation.To correct this
misconception we need to better appreciate the pharma-
cokinetics of distribution and elimination.

The so-called ‘‘two-compartment model’’ is conven-
tionally used to describe the pharmacokinetics of drug
distribution and elimination. When drug is adminis-
tered it enters the bloodstream or central compart-
ment. From this location it can undergo elimination
or it can distribute into body tissues, the peripheral
compartment. However, this peripheral compartment
is very large and consists of all body tissues, each hav-
ing varied degrees of volume and perfusion. For this
reason a ‘‘three-compartment model’’ is more accurate
because it divides the peripheral compartment into a
‘‘shallow’’ or highly perfused compartment and a vast
‘‘deep’’ compartment that is less perfused.This concept
is illustrated in Figure 5.

Drug half- life (T1/2) is a general term representing
the time required for plasma concentration to dimin-
ish by 50%. Unlike that following PO and IM adminis-
tration, the decline in serum concentration following
an IV bolus injection occurs in 2 major phases. The
initial decline is rapid and is attributed to drug distri-
bution, not elimination. The rate for this decline is des-
ignated distribution half- life (T1/2a) and is relevant
only for drugs administered intravenously. (Following
PO and IM administration, drug distribution pro-
ceeds simultaneously with absorption as illustrated in
Figure 2.) Once distribution is completed, further de-
cline in serum concentration becomes more gradual
and is identical to that following PO and IM adminis-
tration. This rate of decline is attributed to drug elimi-
nation and is designated elimination half- life (T1/2b).
For example, the T1/2b for the drug illustrated in
Figure 5 is approximately 3 hours, but its distribution
half- life (T1/2a) is only 30 minutes.

Before the duration of drug effect is discussed any fur-
ther, we need to clarify the significance of elimination
half-life.This value provides 2 clinical correlates, neither
of which relate to duration of sedation in clinical practice.
The first of these is that a drug may be considered com-
pletely eliminated following 4 half-lives and, secondly,
steady state drug concentrations can be achieved
following 4 half-lives provided the drug is administered
at a consistent dose and schedule.8 These principles are
illustrated in Figure 6.

Although elimination half-life provides insight regarding
the length of time a drug continues to circulate within the
bloodstream, it does not identify the point at which the con-
centration falls below that required to sustain an adequate
drug level in the target tissues. Following repeated adminis-
tration, serum levels will become higher but a steady state

Figure 4. Circulation and distribution. Drug (D) circulating in
the bloodstream can distribute easily through systemic capillar-
ies into most body tissues. Distribution through central nervous
system capillaries (blood-brain barrier) requires lipid solubility.
Notice that a portion of the total drug circulating may be tem-
porarily bound to plasma protein but readily dissociates to dis-
tribute into tissues. See text for further explanation.
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will not occur unless dosing is consistent for a total of 4
half-lives. This consideration is more relevant for chronic
drug therapy, not when drugs are administered for proce-
dural sedation.

The duration of sedation is more dependent on drug
distribution and redistribution because these processes
generally proceed well before elimination comes into
play. Revisit Figure 5 and imagine that a serum concen-
tration of 35 ng/mL is required to provide adequate
sedation. Notice that the process of distribution accounts
for a drop below this level, not elimination. Therefore,
the duration of sedation more closely correlates with
distribution half- life (T1/2a) than elimination half-life
(T1/2b).

Again consider diazepam (Valium) and lorazepam
(Ativan) as examples. The elimination half- life for

diazepam and its active metabolites ranges from 40^
50 hours, while that for lorazepam is 15^20 hours.
Yet the duration of sedation is significantly shorter for
diazepam despite its longer elimination half- life. This
is because diazepam has far greater lipid solubility.
Even though adipose tissue is poorly perfused, highly
lipid soluble drugs will distribute to this compartment
more rapidly and account for a more rapid decline in
the serum concentration. As this occurs, drug that ini-
tially distributed rapidly to brain will redistribute back
into the blood stream reducing the degree of sedation.
Therefore, high lipid solubility not only provides fast
onset but accounts for shorter duration (Figure 7). This
principle has been confirmed by Greenblatt et al fol-
lowing intravenous administration of diazepam and
lorazepam9 and following PO administration of triazo-
lam (Halcion) and zolpidem (Ambien).10

As serum levels rise following repeated doses, the
duration of sedation may increase somewhat because
tissue depots become more saturated and processes
of elimination begin to come into play. During IV se-
dation using midazolam or diazepam, the duration of
sedation following the first few increments may last
only 10^15 minutes, which corresponds to the distri-
bution half- lives for these drugs. During more lengthy
appointments, however, subsequent IV increments

Figure 5. Pharmacokinetic compartments. Following an in-
travenous bolus, drug introduced into the bloodstream (central
compartment) distributes into peripheral tissues (peripheral
compartment). In the three-compartment model these tissues
are divided into those highly perfused (shallow) and less per-
fused (deep). As the serum concentration declines due to dis-
tribution or elimination, drug in the peripheral compartments
will equilibrate by redistribution into the central compartment.
The time-concentration curve illustrates the decline in serum
concentration attributable to rapid distribution into highly per-
fused tissues, intermediate distribution to less perfused tissues,
and a slow decline due to drug elimination.

Figure 6. Elimination half- life: steady state and elimination.
The following time-concentration curves are for a drug having an
elimination half-life of 2 hours.The doses have been determined
by the manufacturer to provide a therapeutic serum level of ap-
proximately10 mg/mL.The solid line represents the drug admin-
istered by continuous intravenous infusion at a constant rate of
25 mg/h. Notice that a steady state serum concentration of
10 mg/mL is achieved in 8 hours or 4 half-lives. At this point the
amount of drug administered is equal to the amount being elimi-
nated.Adrugadministered intermittentlyorallycannotproducea
perfect steady state but one that is approximate.The dashed line
represents the same drug administered as 200 mg orally every
4 hours (q4h). Notice that in 8 hours (4 half-lives) a relative steady
state is reachedwhen both peak and trough (lowest) levels are the
same following each dose. If larger doses were given, the steady-
state concentration would be greater (.10 mg/mL), but it would
still not be achieved until 4 half-lives (8 hours) have passed. No-
tice that when administration is discontinued, the drug is com-
pletely eliminated in 4 half-lives, eg,8 hours (#1^4).
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may lead to progressively longer durations of sedation
before additional increments are needed.

In summary, it is important to distinguish the rela-
tive significance of distribution versus elimination.
While distribution and redistribution determine dura-
tion of sedation during treatment, drug elimination
must be considered at discharge. Residual serum con-
centrations may not be profoundly sedative but can
have an impact on subsequent psychomotor recovery.
Furthermore, one cannot entertain the time for drug
elimination until peak serum concentration has been
achieved. This issue is of extreme importance follow-
ing repeated PO or sublingual drug administration.
Also, when considering drug elimination, attention
must be given to any active metabolites of the parent
drug. For example, normeperidine is an active metab-
olite of meperidine that acts as a CNS stimulant and
has an elimination half- life of approximately 16 hours
compared to only 2^3 hours for the parent drug.

Considerations for Continuous Infusions

Regimens administered by continuous infusion have
become more popular among those practitioners with
advanced training in deep sedation and general anes-
thesia. This is understandable because intermittent
boluses result in oscillations in serum concentration
above and below those desired for a procedure. An in-
termittent technique is acceptable for brief procedures
lasting 20^40 minutes, but for more complex and
lengthy procedures, a sustained and targeted level of
moderate or deep sedation is far more attractive. The

use of continuous infusions requires some additional
understanding of pharmacokinetic principles.

As the durationof a continuous infusion is increased,the
time for recovery can also be lengthened.This is because
the drug concentration within peripheral compartments
increases and mechanisms for elimination may become
saturated. Either or both of these events can sustain serum
concentrations because clearance of drug from the central
compartment is prolonged. However, some drugs have
uniqueproperties that preclude thisproblem, and their du-
ration is described usinga concept called context-sensitive
half time.This value addresses the time for serum concen-
trations to decline in the‘‘context’’of continuous infusions.
Like drug ‘‘half-lives,’’ it represents a 50% reduction in se-
rum concentration but commences at the time a continu-
ous infusion is stopped.The subsequent decline in serum
concentration reflects the combined influencesof distribu-
tion and elimination. Some drugs such as propofol and re-
mifentanil are well-suited for continuous infusions be-
cause they have short context-sensitive half-times that do
not increase significantly during lengthy continuous infu-
sions. While they accumulate in poorly perfused tissues
over time, they are rapidly cleared as they slowly redistrib-
ute back into the blood stream. Remifentanil is especially
impressive because it is actually hydrolyzed by esterases
within the tissues. Other drugs such as diazepam or fenta-
nyl are inappropriate because they are cleared from the
blood streammore slowly.While midazolam is not cleared
as rapidly as propofol, its rate of hepatic clearance is far
greater than that for diazepam: 6^11mL/kg/min versus
0.2^0.5 mL/kg/min.11 Midazolam is acceptable for
continuous infusions but its context-sensitive half time
increases over time and may not be attractive for lengthy

Figure 7. Onset and duration of sedation. Following absorp-
tion, serum concentrations are high and drug distributes to
tissues in proportion to their degree of perfusion; brain, mus-
cle, and finally adipose tissues. As distribution proceeds, se-
rum level declines and high concentrations in brain redistrib-
ute into the bloodstream.These processes occur more rapidly
with highly lipid soluble drugs and account for rapid onset
but shortened durat ion of sedat ion. Drug el iminat ion
follows subsequently.

Figure 8. Representative context-sensitive half-times.The fol-
lowing graph compares the time required for serum concentra-
tions to decline by 50%upon discontinuation of varied durations
of continuous infusions.With the exception of remifentanil,
the context-sensitive half- times increase following greater
durations of infusion. Continuous infusions of diazepam and
vfentanyl result in an unacceptable time for recovery. Data are
adapted fromHughes et al12 and Egan et al.13
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procedures in outpatient practice. Representative context-
sensitive half times are illustrated in Figure 8.

In summary it is important to appreciate the pharma-
cokinetic characteristics of all the medications we
administer when providing any level of procedural
sedation. Furthermore, it is essential to distinguish pro-
cesses that influence the onset and duration for seda-
tion from those that determine an adequate level of
recovery for safe patient discharge.
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CONTINUING EDUCATIONQUESTIONS

1. Pharmacokinetic processes that alter the bioavail-
ability of orally administered sedatives include each
of the following EXCEPT:

- A. Degradation
- B. First-pass metabolism
- C. Rate of absorption
- D. Protein binding

2. The time for peak serum concentration of a drug is
predictable when repeated doses are administered
by which route?

- A. Oral
- B. Intramuscular
- C. Intravenous
- D. Sublingual

3. Sleeptec is a newly released benzodiazepine having
greater lipid solubility than midazolam. Given only
this information, you may conclude that compared
to midazolam, Sleeptec has a:

3. (1) Faster onset (2) Shorter duration of action (3 )
Shorter elimination half- life

- A.1, 2
- B.1, 3
- C. 2, 3
- D.1, 2, 3

4. Context-sensitive half-time reflects the rate of de-
cline in serum concentration following:

- A. Distribution to adipose tissues
- B. Discontinued infusions
- C. Renal clearance
- D. Hepatic clearance
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